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1 . 0 INT  RODUCTION 

This  Status  Report  for  the  HOI)UL/VR  Program  (Contract  No.  N0001A-77-C-01 53)  for 
t}ie  IJ.S.  Navy  Office  of  Naval  Research  covers  the  first  six  months  of  effort — 
March  23,  1977,  to  September  23,  1977. 

Section  2.0  describes  the  activities  planned  for  the  six-month  reporting  period. 
Section  3.0  describes  the  work  accomplished.  The  activities  planned  for  the 
next  six  months  are  described  in  Section  A.O. 


IR-2702-101 


1-1 


2.0 


PROGR.VM  PLAN— NARCtl-SERTKMHrR,  J97  7 


I 


I 

! 

I 

! 

I 

j 

TIk-  MOOUIAB  Rroj'.raw  was  plaiuiod  to  accomplish  the  following  tasks:  j 

• Review  the  measurement  requirements  anil  applicable  specifications. 

• Review  the  Instruments  that  had  been  recojnmended  for  procurement  to 
assure  the  most  appropriate  selection. 

• Review  the  applicable  specifications,  selected  Instruments,  and 
design  approach  with  the  Navy. 

• Procure  the  instruments  of  cliotcc. 

• Test  the  instruments  in  the  off-the-shelf  condition  to  establish  a 
reference  baseline  of  performance. 

• Make  an  onglneorinp  analysis  of  the  electronic  and  mechanical 
assemblies  and  establish  modifications  to  ruggedize  tlie  instruments. 

• Implement  the  modifications. 

• After  modification,  retest  each  instrument  against  the  established 
baseline  to  ensure  that  no  performance  degradation  had  occurred. 

At  this  time,  our  program  is  about  one  month  behind  our  original  schedule. 

This  is  due  to  a greater  number  of  start-up  problems  with  the  instruments  than 
we  had  expected.  The  details  of  these  problems  and  a discussion  of  all  the 
work  performed  is  included  in  Section  3.0. 
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3.0  DKSCRLPTION  OK  WOKK  n'RFOJWl'I) 

3.1  Rev J t'w  of  Appl  i cable*  Spocl  f ioat  ions  and  Navy  Rcqiii r onion Ls 

3.1.1  Docunn'nt  s RovKi^'d 

We  reviewed  several  military  specifications  to  determine  whether  tlu-y  could  he 
used  as  reasonable  guidelines.  The  following  documents  were  reviewed: 


1. 

2. 

3. 

A. 

5. 

6. 

7. 

8. 

9. 

10. 


General  Specification  for  Ship:;  of  the  United  States  Navy 

MII.-K-16'(00;  Electronic  Equiiniient,  Naval  Ships  and  Shore: 
Specif icat ion 

NlL-STD-167:  Mechanical  Vibrations  of  Shipboard  Equii>ment 
MIL-S-901;  Shock  Tests,  High  Impact 
MIL-STD-1310:  Shipboard  Bonding  and  Grounding 
NAVSllirs  25-423-30:  Shock  llesign  of  Shipboard  Equipment 


General 


MIL- M- 17185 
MiL-M- 17508 
MIL-N-19379 
MIL-M-19863 


Mounts,  Resilient 
Mounts,  Resilient 
Mounts,  Resilient 
Mount,  Resilient 


Many  were  found  not  applicable,  because  of  various  program  limitations,  such  as 
equipment  design,  weight  of  the  equipment,  and  budget  considerations. 


3.1.2 


Limitation  of  Commercial  Instruments 


The  instruments  purchased  are  all  off-the-shelf  commercial  units.  The  instru- 
ments meet  the  manufacturers'  claims,  are  listed  by  Underwriter  Laboratories, 
and  arc  assembled  according  to  good  commercial  practices.  The  manufacturers 
had  no  intent  to  design  into  these  instruments  any  capability  greater  tlian  that 
required  for  adequate  performance  under  normal  clinical  laboratory  conditions. 
As  it  is  not  our  intention  to  change  the  functional  designs  in  this  program,  we 
must  limit  modification  to  accessible  areas  Involving  parts  replacement  or 
additions,  to  ruggedize,  and  design  to  improve  resistance  to  the  shipboard 
environment . 
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Tho  piosoiit  conf  iv'.ur  ions  aro  suitable  lor  boncli-lop  ('porat  ion.  i'ho  i>p»‘r.it  I'r 
must  liavo  across  tv)  iho  top,  sldos,  and  back  of  somo  of  tlio  insi  ruwi'nts . i\-' 
rack-mount  tlicse  instnimonts  wln-ro  only  tlio  front  pan>'l  would  bo  roadlly 
acccssibli',  modifications  bovi'nd  tlio  scopo  of  this  curii'nt  i‘ffi>rt  would  bo 
requirod , 

3,1.3  Sped  f icat  ion  l.ovois  Soloctod  for  I’rosont  Inst  runu'nt  s 

The  specification  levels  to  be  applied  to  the  MODULAH  instruments  were  sel<iti-d 
on  the  basis  of: 

1.  Anticip.ated  shipboard  environment; 

2.  Potential  for  modification  that  can  be  realit'.tal  within  the  scopi-  of 
the  current  prop.ram. 

These  levels  are  a compromise  and  could  certainly  be  raiseil  at  a later  date  if 
found  to  be  necessary.  For  now,  the  objective  is  tli«'  provision  of  an  instrument 
set  capable  of  belin;  used  on  board  to  proiluce  v.illd  d.it.i. 

3.2  Keviji'W__of  Recommettcied  Instruments 

3.2.1  Spectrophotometry  Versus  Cl ini^.ud 

It  was  reported  that  llarleco  had  failed  to  develop  kits  for  the  det  erminat  itni  of 
amylase  o-HBPll  with  the  Clinicard  System.  We  had  been  informed  earlier  that  these 
kits  were  being  developed.  A discussion  was  held  reg.irding  the  deletion  of  these 
measurements  from  the  required  list,  versus  selection  of  an  alternate  appioach. 

The  relative  advantages  and  disadvantages  of  versatility  and  flexibility  versus 
operational  simplicity  was  discussed.  It  was  concluded  that  guiding  philosophy 
was  operational  simplicity,  since  this  approach  is  central  to  the  MODl'LAB  concept. 
It  was  determined  that  analyses  for  amylase  and  o-HBnH  will  not  be  required. 

3.2.2  Cell  Count e r 

A substitution  of  a Hycel  Blood  Cell  Counter  for  the  originally  proposed  Clay 
Adams  HA-4  was  discussed.  It  was  recognized  that  the  Hycel  Counter  would  not 
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iU'vH'imnv'il.ito  iho  I'nlpi't  ililvu'ixt  svsti'iu,  whioli  wvniKl  h.ivo  to  I'o  lop laooil  l>v  .i 
p.ll'ot  loi/ili  Iviloi  . It  w.iM  toll  that  .Uiopt  oMo. 

Shovk  Kos  i St  .M^co 

It  VOS  poiiuoil  vHit  that  wo  woiiKl  In-  uuohlo  to  moi-t  r.ill-spt'o  .sIkw’  t v'nii  1 1 o'v.or.t  s 
I'oo.uiso  ot  iuhofoitt  inst  niHu'itl  vlosipw  limit  at  Wo  wotiKl,  liovoovoi  . ompK'y 

shi'ok-pi'i't  oot  i VO  iiu'imt  iiiv;  ili'sip.ns  aiwl  makt'  an  .I'o-.ossiiu'nt  o!  shook  i <'S  i st  onoo  . 
This  approav  h was.  .looopt  .ih lo . 

'■\.2.U  Tompi'f.tt  111  o I'ons  iilorat  li'us 

Ttio  t ompi'i  at  iir«'  oxt  romos  listod  in  M 1 1 - KtH  t'tiHl  woio  vl  i sous.‘''Oil  with  p.iii  ionl.if 
rotoi'onoo  to  t ho  liijth  oiut  ot  tho  sp.'o  i I i oat  ion . Slnoo  it  is  ii'niiltiwi  to  wain- 
>lain  lompovatnros  at  }7"C  tov  sovoial  v'l’  tin*  mo.isnti'wotit  , I’pi'iat  ion  at  toiiipot- 
atnros  .ibovo  till;:  lovi-l  wonKi  ro.inito  a ooolino,  oapahility.  It  was  pi'inioil  out 
that  thoro  woio  n.’t  sntfioio-at  tinuis  in  tho  ontiont  piop.iam  t pii'viilo  iww'linp, 
mod  i f ioat  lo'iis . It  v>t.is  dotoiminod  that  an  analysis  v'f  tho  .losiitn  impait  i>l 
coolinp,  pi'o>vlsion  slunild  ho  uiado  a part  ot  tin*  tinal  la-poi  t . Tlu'so  nioditi- 
cations  may  ho  aooompMsIu'd  In  tho  nost  I'haso  ot  tlu'  propiam. 

3.2.S  Tratntn^ 

At  tho  tlmo  ot  tho  Oosljtn  Koviow,  thoro  was  no  roiiniromont  tor  training,.  This 
option  should  ho  kopl  open,  howovor. 

3 . 3 1 Rn  Rov 1 ow 

A IVsign  Roviow  was  hold  with  tho  N.'ivy  R.^h  Command  on  April  1‘),  \^n . Tho 
technical  Issues  discussed  are  those  lust  dosorlhod  In  paragraph  3.2. 

3 . A Hardware  I'r o c u r oment 

The  instruments  purchased  were  from  vendor  stock  .md  not  specially  prop.ired  lor 
this  program.  Tho  following  units  were  purch.ised: 

• Clinlcard  lUood  Chemistry  Svstem  t,  Inst  rument  .it  ion  lahoratorv,  Inc., 
113  ll.irtwoll  venue,  I.oxlngtv'n,  M.iss.ichnset  t s 021711 
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• Corning  Blood  C;is  Analyzer,  Model  163  (Corning  Nodie.il,  Corning  Glass 
Works,  Medfie.ld,  Massaehusot is  02032) 

• Orion  Biomedical  Sod  Inm/l'ot  ass  Inm  Analyzer,  Model  S3-'U1  (Orion  Bio- 
medical, 380  I'ntnara  Avenui-,  Cambridge,  Massaclinset  l s 02131) 

• llycel  Blood  Cell  Counter,  Model  llC-300  (Angi'l  rngineering  Ci'igoral  Ion , 

40  Meail  Street,  Stratioril,  Connecticut  06497).  A Hade  I'ilnter' 

Pil'oLter  (Hade,  Division  ot  American  llospit.il  Supply  tkirporat  i I'n , I’.O. 

Box  6/2,  Miami,  Florida  33132)  purchased  to  use  with  this  unit. 

The  llycel  counter  was  chosen  oven  the  Clay  Adams  Model  ll.V-4  discussed  In  our 
MOIiUL.XB  design  report  (FK-2697- 1 02)  of  June  1976.  Our  review  of  the  h.ndware  I 

now  available  reve.iled  design  features  and  construction  details  ot  the  llycel  ' 

which  we  felt  were  superior  for  this  application.  ' 

i 

j 

No  difficulty  w.is  encountered  in  obtaining  prompt  delivery  of  any  of  the  equip-  ! 

ment.  However,  we  did  find  more  problems  than  expected  in  starting  up  the  \ 

instruments.  Details  of  the  problems  we  found  are  covered  in  the  following 
paragraphs. 

3.5  Basel Ine  r>T forma nee  Test  s 

i 

Since  the  instruments  comprising  the  MODULAB  system  are  to  be  modified  as  indi- 
cated by  the  design  analyses,  it  is  necessary  to  establish  performance  haseliites  j 

in  order  to  evaluate  the  effect,  if  any,  of  the  modifications.  j 

I 

i 

One  of  the  selection  criteria  for  each  of  the  Instruments  was  that  it  he  in 

conunon  use  in  clinical  laboratories  from  which  it  follows  that  the  princlplo  of  ' 

i 

operation,  accuracy,  etc.,  are  generally  acceptable  and  would  not  require  ex-  j 

tensive  evjluation.  1/hat  was  required,  however,  was  to  develop  a sot  of  data  . 

that  would  allow  analysis  of  performance  changes,  if  any,  induced  by  the  modi-  ! 

flcations.  It  was  felt  that  this  could  be  accomplished  by  analyzing  for  inter-  ! 

and  intradaily  precision  on  secondary  standards  since  such  standards  can  bo  f 

relatively  easily  controlled  when  compared  to  blood, 

A tost  plan  to  evaluate  baseline  performance  for  each  instrument  was  prepared.  | 

The  salient  features  of  the  Test  Plan  are  these:  * 

i 

i 

i 

» 
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• C’omnu'uls  I'n  Iho  si  i /.it  lou  in  o/isiiiri's  ; 

• Rosiilis  of  jnoc  is  iv'n  tosis;  10  .ui.ilvsos  iv-kIo  .l.illy  for  ( ivi- 
cousooui  Ivo  d.iys; 

• Kv.t  lii.it  ioii  of  i.uli.itoii  .m.i  1 i isl  oli'ol  r i .m  1 iiit  or  1 1'l.'iu'O  ; 

• Ktfo.'ts  of  Jlf-.iov\rio  tilt  on  lust  rmiioiu  pi'i  I orm.in.o . 

f.S.l  Hlooii  t’..is  .\n.ilv.'or 

f . S . 1 . 1 l)«>so  r i pt  ion 

Onoo  oal  ll>r.u  0.1,  tho  Cornino,  IhS/J  lUoo.l  ll.is  An.ily/or  vlll  provt.lo  six  Moo.l 
H.ts  mo.ir.nromont  s t r.'in  .nio  .s.imi'lo  within  ‘H'  s.'O.nuis.  rnshhnlton  o.'ntr.'ls  pi.'- 
vi.to  .lip.itnl  ro.i.lonts  of  .1  i root  ly-ino.isnr.’.l  pH,  I'o  , , .nul  l\'o  ' • •‘>1.11 1 ion. il 

fhroo  pnshlnillons  jilvo  tho  o;i  1 on  I .it  .'.1  v.iliios  for  tot.il  I'Oj  ilU't\^')  , ;iiut  h.is.' 
oxoofis.  For  b.iso  oxooss,  tho  homo^lohin  vatno  .'f  tho  .samplo  fin  p./dl)  i.s  i ho 
only  .1.1.1  it  ion. i1  roiiiilro.l  input  .latum. 

A glass  cloctr.i.lo  mo.isiiros  pH;  .i  nuvlifio.l  ol.'ofr.'.lo  of  tho  Stow  .in.l  Sov.' r i np.h.ins 
typo  moasuros  I'l'vt,;  oxygon  p.irtl.il  prossur.'  Is  iiuMsiir.-.l  hy  a thii.l  o 1 1 1 .'.I.- 
utilizing  a plat  Imim  oath.nlo,  .in  Ag/AgOI  .iiuuh',  an.i  an  olootrolyto. 

An  ovorall  vlow  of  tho  Corning  16“)/.’  is  sh.'wn  in  Klp.nfo  1.  Inoln.io.l  In  tho 
systo-m  Is  a built-in  flii.sh  systom,  cal  Ibv.it  ion  g.isos,  biiffor  solution,  an.i 
niombrano-ohanging  kit.s.  Thoro  are  no  w.itov  baths  .'r  oxposo.l  glass  olomonts. 
Elootr.'nlc  heating  m.iintains  close  thermal  contr.'l  (♦0.lV>''l'1  oi  tho  block  con- 
taining the  electrodes  and  sample  eh.imber. 

3 . 5 . 1 . 2 Test  in g the  Blood  Ga s Ana  I y z 

The  Corning  Bl.o.’.l  Gas  An.ilyzer  w.is  tested  by  performing  ton  analys.'s  a .lay  f.'r 
five  consecutive  days  using  a tonomeiere.l  blc.irbonate-chlor i.lo  solution.  This 
solution  appe.irod  prefor.ible  for  ev.ilnating  tho  precision  of  tho  instrument, 
since  the  collection,  stor.ige,  and  h.indling  of  whole  blood  is  time  consuming 
and  difficult,  and  does  not  allow  tho  desired  control. 


I 


{ 

I 


I 

1 

! 
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Figure  1.  Corning  Blood  Cas  Analyzer,  Model  165 


Our  test  solution  was  prepared  according  to  a method  leported  in  Clinical 
Chemistry  by  Daniel  C.  Noonan  and  Robert  W.  Burnett  (Vol.  20,  No.  6,  1974). 

Their  formula  specifies  a solution  of  NaCl  (150  mmol/llter)  and  NaHCOj  (50  mmol/ 
liter)  equilibrated  at  room  temperature  with  a gas  composed  of  21%  O2,  12%  CO,, 
and  67%  N2.  This  solution,  in  the  Corning  165/2,  gives  a pH  of  7.20  +0.02,  a 
PO2  of  170  +10  mmHg,  and  a PCO2  of  110  +10  mmHg.  The  Pq,  and  P^io^  values  are 
appreciably  higher  than  the  gas  calibration  values  for  the  Instrument,  but  the 
21%  O2  of  the  solution  h.)s  the  advantage  of  not  being  appreciably  affected  by 
O2  contamination  from  ambient  air.  Also,  because  of  the  high  solubility  of  CO', 
in  the  solution,  the  loss  of  this  gas  to  tlie  ambient  air  is  insignificant. 


The  Double  InserLiou  Technique  was  performed  for  each  sample  measurement:  a 
0.5-mi  inje.ction  follovv’od  by  a pause  of  about  15  .seconds,  then  ..  second  0.5-mr. 
injection  from  the  same  syrinjte.  Only  the  three  direct  measurements  of  pH, 

1*02.  nnd  I’cOj  are  made  with  t iiis  solution. 

Befor  • making  sample  measurements  the  analyzer  must  be  prepared,  as  well  as 
calibrated.  The  "Operatin;;  Procedures"  give  detailed  introduce  ions  for  the 
daily  preparation  of  the  instrument.  Preparation  consists  largely  of  checking 
connections,  gas  flow  rates,  block  temperature,  condition  of  waste  bottle  and 
filter,  action  of  flush  mechanism,  and  changing  the  reference  electrode  solu- 
tion. Special  attention  must  be  given  to  the  condition  of  the  electrode 
membranes. 

Two  standard  buffer  solutions  are  used  to  set  the  calibration  and  slope  of  the 
pH  electrode.  A two-point  calibration  of  the  gas  clectroiies  is  performed  at 
the  start  of  each  day's  work  and  should  be  repeated  every  2 to  4 hours,  A one- 
point  calibration  shovild  be  performed  immediately  prior  to  each  unknown  sample 
measurement.  These  procedures  utilize  a calibration  and  a slope  gas,  as  well 
as  pH  buffers. 

Preparation  and  calibration  is  somewhat  involved  and  must  be  carefully  per- 
formed. The  complete  procedure  may  require  15  to  30  minutes.  The  instrument 
remains  fairly  stable  for  the  20  minutes  required  to  make  the  measurements,  as 
evidenced  by  the  one-point  calibration  made  at  the  end  of  the  test  period.  One 
should  note,  however,  that  a one-point  calibration  is  suggested  before  each  new 
sample  and  at  the  end  of  2 to  4 hours.  Since  the  gas  electrodes  tend  to  equil- 
ibrate very  slowly,  it  is  desirable  to  use  the  built-in  timer  (set  for  the 
slowest  electrode)  so  that  measurements  will  not  be  made  prematurely. 

3 . 5 . 1 . 3 Test  Re suits 

Test  results  for  the  Corning  instrument  are  suimnarized  in  Table  I.  The  indi- 
vidual measurements  are  plotted  in  Figures  2 through  5. 
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Figure  3.  Individual  Values  for  PCO2'  ^ (Corning  165/2) --Five-Day  Test 


1185 


The  average  values  for  P02  in  Set  I increased  from  day-to-day,  but  there  is  no 
similar  trend  in  the  pH  and  PCO2  values.  We  decided  to  run  a second  set,  over 
a seven-day  period.  No  P02  trend  is  apparent  in  the  second  set.  The  published 
data  for  the  test  solution  shows  similar  five-day  trends  when  the  test  period 
is  extended  to  thirty  days. 

Another  test  solution  which  may  be  useful  for  on-board  quality  control  of  the 
measurements  is  made  by  General  Diagnostics,  and  is  provided  in  sealed  ampules 
containing  liquids  and  gases  which  simulate  normal  and  abnormal  blood  conditions. 
We  tested  four  of  the  normal-level  ampules  on  consecutive  days  and  obtained 
the  following  results: 
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1 

2 

3 _ 

_4  _ 

pH 

7.381 

7.395 

7.387 

7.374 

1'02  ('"mllg) 

100.3 

108.2 

103.3 

108.5 

l'C02  (n™!!?.) 

40.  7 

43.1 

43.5 

Still  iinothor  system  has  been  recently  described*  but  has  not  been  tested  in 
this  current  program. 

A Beckman  Noise  Generator  was  used  to  inject  100  \’ac  in  50-ns  pulses,  at  a 
phase  angle  of  90  degrees,  on  the  power  line  to  the  Corning  165/2.  There  was 
no  discernible  effect  on  the  instrument  readouts  for  any  test  parameti'r.  Radi- 
ated noise,  provided  by  a "noisy"  electric  drill,  had  no  effect  on  the  per- 
formance of  the  Corning  165/2. 

The  instrument  was  tilted  from  side-to-side  approximately  23  degrees  from  the 
horizontal  with  no  discernible  effect  on  its  performance. 

3 . 5 . 1 . 4 Comments 

Initial  calibration  of  the  Corning  165/2  and  sami>le  measurements  required  about 
an  hour  each  day.  The  instruction  manual  assumes  that  the  complete  calibration 
and  slope  procedure  will  be  carried  out  every  2 to  3 honrii,  and  that  a one- 
point  calibration  check  will  be  made  before  each  different  sample  measurement. 
Since  we  were  using  only  the  simple  tonometered  salt  solution,  we  made  the  two- 
point  calibration  once  a day  and  followed  immediately  with  the  test  sample 
measurements.  At  the  end  of  these  measurements,  a one-point  calibration  was 
made  to  check  on  any  evidence  of  drift.  In  general,  there  was  little  or  no 
evidence  of  drift. 


*Evaluation  of  Mpuled  Tonometered  Buffer  Solution,  A.H.J.  Maas,  et  ai . , Clin 
Chem  23(9)  1718-1725  (1977). 
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Frequeiit-ly , the  first  PCO2  measurement  of  a set  has  the  lowest  value.  This 
would  suggest  dropping  the  first  reading;  however,  this  was  not  generally  done. 
In  one.  set,  for  example,  including  the  low  first  l’C02  value,  it  gave  an  X of 
103.2  mmHg,  o=2.16,  and  CV'=2.i^.  Omitting  the  low  first  value  clianged  tlie  re- 
sults to  X=103.9  mniHg,  o=0.30,  and  CV=0.3Z.  Further  investigation  is  indicated 
before  coming  to  any  conclusion  about  rejecting  data  points.  (This  effect  is 
also  mentioned  later,  in  paragraph  3. 5. 3. 4.) 

During  the  testing  of  Set  I,  the  red  light  warning  for  "Defective  ('2  Membrane" 
persisted  in  coming  on.  The  suggested  remedies  of  washing,  drying,  or  ohanc.ing 
the  membrane  did  nothing  to  eliminate  the  warning  light.  Subsequently,  Corning 
informed  us  that  several  analycers  were  kin'wn  to  have  defective  circuit  hcard-s 
controlling,  the  warning  light.  When  we  rep.laced  the  faulty  board,  tlie  prt'hlem 
disappeared. 


A rubber  stopper  closing  a humidifier  vial  in  the  instrument  constantly  woiked 
its  way  out.  This,  too,  was  replaced.  Although  the  original  stopper  was  some- 
what loose,  it  is  also  possible  that  too  high  a gas  pressure  in  tlie  line  may 
force  the  stopper  out.  Although  the  manual  gives  20.7  to  34.5  kl’a  (3  to  5 psi) 
for  the  gas  pressure,  the  Field  Representative  prefers  13.8  to  20.7  kl’a  (2  to  3 
psi),  to  avoid  popping  the  stoppers. 


When  making  adjustments  on  the  back  of  the  instrument,  one  must  be  careful  to 
avoid  moving  a small  projecting  switch  which  adjusts  the  "CO2  Zero."  Acci- 
dentally moving  this  switch  from  "operate"  to  "adjust"  will  freeze  the  CO2  * 

« readout.  This  should  be  mentioned  in  the  manual.  | 

i 

I 

It  appears  to  be  more  convenient,  in  practice,  to  set  the  PcOo  calibration  first, 

^ » 

follow  with  the  PCO2  slope  adjustment,  then  set  the  P02  Zero  before  making  the 
final  P02  calibration  adjustment.  There  is  a minor  error  in  the  manual  (para- 
graph 6.2.3),  with  respect  to  pushbutton  settings  for  gas  calibration. 

There  are  no  instructions  for  co.Tipletely  shutting  down  the  instrument.  However, 
this  is  readily  done  by  leaving  a buf f er- f i lied  syringe  in  the  viewer  socket  and 
inserting  the  Gas  Tubing  outlet  into  the  Sample  Inlet  Port. 
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Itio  i’cv>  kit  contained  an  obsolete  fitting,  our  Instrument  was  missing  a Sample 
Vl«?wer  and  two  electrode  cleaning  reagents.  The  gas  cylinders  were  out-dated, 
blit  probably  all  right  to  use.  We  did  not  receive  a customer's  manual.  All 
of  these  items  were  eventually  supplied.  The  friendly  interest,  full  cooper- 
ation, and  practical  assistance  given  by  Coming's  Field  Representative  were 
greatly  apprec lated . 

Membrane  changing,  frequently  required,  is  readily  accomplished  by  means  of  a 
convenient  kit. 

Because  of  the  inherent  nature  of  blood  gas  systems,  strict  adherence  to 
scheduled  maintenance  routines  is  necessary  to  enjoy  trouble-free  service. 

There  are  dally,  weekly,  and  monthly  maintenance  procedures  to  observe. 

Corning  also  provides  a variety  of  preventive  nwintenance  agreements  which,  for 
this  type  of  instrument,  may  be  of  value.  Of  course,  this  service  could  be 
inplemented  only  when  the  ship  was  in  port. 

Perhaps  more  so  than  with  the  other  MODULAB  instruments,  the  blood  gas  analyzer 
requires  a knowledgeable,  careful,  conscientious  operator.  That  the  Instrument 
remains  on  docs  not  mean  it  is  ready  to  make  a measurement.  Manual,  two-point 
calibrations  must  be  made  every  2 to  4 hours,  and  one-point  calibration  up- 
dates must  be  made  before  each  sample.  These  procedures  are  time-consuming, 
and  must  be  accurately  performed  in  order  to  enjoy  accurate  results. 

3-5.2  Blood  Cell  Counter 
3. 5. 2.1  Description 

P-lood  cell  counts  and  hemoglobin  determinations  for  MODULAB  are  made  with  a 
•Vccl  300  Counter  (Figure  6).  Measuring  30x21.5x33  cm  (11-1/2x9/14-1/4  inches) 

' 'Is  instrument  measures  RBC  and  WBC  by  the  cell-conductivity  method,  and  hemo- 
<-‘>hln  by  the  colorimetric  cyanmethemoglobin  methodology.  The  three  tests  can 
performed  accurately  In  less  than  two  minutes.  No  tables  are  required  to 
'Trect  for  coincidence  counts,  as  this  is  done  by  automatic  count  compensation. 


I 

1 

I 


I 
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A dual  light,  beam  (5A0  nm)  coiorlnotcr  makes  the  hemoglobin  determination  using  j 

t)ie  Ivsed  WBC  solution.  Tlie  solid-state  system  is  operated  hv  pushbuttons.  j 

I 

Only  25-ut  samples  are  required.  The  readout  is  digital.  An  audible  and  visual 
signal  indicates  a clogged  conditiim  which  is  readily  removed  by  a manual  back-  ! 

flush  feature.  No  mercury  is  used  in  the  volumetric  system.  | 

I 

Althougli  sampling  and  diluting  may  be  performed  manually,  using  pipettes,  better 
repeatability  and  accuracy  can  be  realized  by  using  a highly  precise  automatic 
diluter.  Hence,  a Dade  Automatic  Diluter  is  u.sed  in  conjunction  with  the  Hyccl  j 

Blood  Cell  Counter.  ' 

I 

3 . 5 . 2 . 2 Testing  the  B lood  Cell  Conn t jor 

The  Hyccl  Counter  300  requires  several  adjustments  for  setup  and  startup. 

First,  the  detergent  and  diluent  are  checked  for  possible  contamination.  Then, 
using  a suitable  hematology  control,  the  threshold  voltage  is  established  for 
human  blood  cells.  This  procedure  is  performed  for  both  red  and  white  cells 
(RBC  and  WBC).  Once  established,  the  threshold  voltage  is  chocked  daily  (by 
depressing  tlie  THRESHOLD  pushbutton) . Diluent  and  lysing  agent  is  used  to  set 
the  hemoglobin  zero.  A hematology  control  for  RBC  is  used  to  calibrate  the 
colorimeter  section  of  the  Hyce.l  for  hemoglobin  measurements. 


Our  test  program  required  our  making  cloven  RBC,  WBC,  and  Hgb  determinations 
daily  for  five  consecutive  days.  This  was  done  using  both  norma]  and  abnormal 
hematology  controls. 

We  also  checked  the  Hycel  for  any  abnormal  effects  on  operation  caused  by  radi- 
ated and  line-imposed  electrical  interference. 

I 

A final  test,  the  23-degree  tilt,  has  yet  to  be  performed.  _ 

3.5.2. 3 Test  Results  i 

The  results  of  the  threshold  check  on  the  Hyccl  counter  are  sho’vti  in  Figure  7.  i 

t 

The  precision  tests  for  RBC,  WBC,  and  hemoglobin  are  tabulated  in  Table  II. 
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TABLE  II.  TEST  RESULTS—RBC , WBC , Ugb 


DAY 

1 

2 

3 

4 

5 

RBC;  xlO^ 

Control-Normal 

X: 

4.42 

4.55 

4.34 

4.50 

4.56 

0 : 

0.04 

0.04 

0.05 

0.05 

0.05 

CV,%: 

1 

1 

1 

1 

1 

Control- Abnormal 

X: 

2.91 

3.32 

3.26 

3.27 

3.27 

a : 

0.03 

0.07 

0.04 

0.04 

0.04 

CV,Z: 

1 

2 

1.3 

1 

1 

WBC:  xlO^ 

Control-Normal 

X: 

8.1 

8.5 

8.4 

8.5 

8.5 

o : 

0.08 

0.12 

0.08 

0.12 

0.13 

CV,%: 

1 

1.4 

1 

1.4 

1.5 

Control- Abnormal 

X: 

13.6 

^'(.8 

15.2 

15.2 

14.8 

a : 

0.18 

0.14 

0.14 

0.20 

0.14 

CV , % : 

1.4 

1 

1 

1.3 

1 

Hgb : ’gm/dl 

Control-Normal 

X: 

12.5 

14.2 

13.7 

13.6 

13.4 

0 ; 

0.18 

0.24 

0.11 

0.11 

0.17 

CV,%: 

1.5 

1.7 

1 

1 

1.3 

Control- Abnormal 

X: 

8.2 

9.3 

9.5 

9.5 

9.0 

0 : 

0.09 

0.09 

0.21 

0.09 

0.11 

CV,%: 

J 

1 

1 

2 

1 

1.3 
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Individual  measurements  contributing  to  the  daily  average  are  displayed  in 
Figures  8 through  10. 

Hematology  controls  (normal  and  abnormal)  prepared  by  Dade  Division  of  American 
Hospital  Supply  Corporation  were  used  to  make  the  measurements.  Tliese  controls 
contain  modified  human  and  fixed  avian  blood  cells  in  a buffered  medium  with 
added  preservatives  and  stabilizers. 


Dade's  assay  of  the  controls  gives  the  following  mean  values  (Coulter  methods): 


RBC  - 

normal : 

4.49x10^ 

a = 0.05 

- 

abnormal : 

3.28x10^ 

0 = 0.05 

WBC  - 

normal : 

8.1x103 

a = 0.3 

- 

abnormal : 

14.4x103 

a = 0.4 

Hgb  - 

normal : 

13.6  g/dl 

0 = 0.1 

abnormal : 

9.4  g/dl 

a = 0.1 

Line-impressed  electrical 

noise  as 

low  as  25  Vac 

(50  ps  pulses)  increased  the 

.background  count  from  0.05  to  0.5  (xlO^)  in  the  RBC  mode.  In  the  WBC  mode,  the 
background  count  rose  from  0.1  to  1.1  (xlO^) . 

Increasing  the  impressed  noise  voltage  to  200  V made  little  difference.  RRC 
counts  rose  from  3.4x10^  to  3.9x10^  when  the  noise  generation  was  set  at  200  V. 

WBC  counts  rose  from  15.0x10^  to  17.0x10^.  The  noise  effects  were  reduced  by 
50%  when  a voltage  regulator  was  used  between  the  noise  generator  and  the  counter. 

Radiated  interference  was  simply  performed  by  approaching  the  counter  with  a 
"noisy"  electric  drill.  Both  the  RBC  and  WBC  readouts  became  very  erratic  when 
the  drill  was  within  two  feet  of  the  counter.  The  hemoglobin  colorimeter  was 
not  affected  by  either  of  the  EMI  tests. 

3. 5. 2. 4 Comments 

The  daily  RBC,  WBC,  and  Hgb  data  were  all  obtained  from  one  sample  of  the  hema- 
tology control  for  "normal"  blood,  and  from  one  sample  for  "abnormal"  blood. 


RBC  (ABNORMAL)  X106/mm3  RBC  (NORMAL)  XlO^/mm^ 


i 


The  same  vials;  of  hcmatoloRV  controls  were  used  for  the  five-day  period.  Thus, 
the  tabulated  data  may  be  looked  at  vertically  for  sample  precision,  and  hori- 
zontally for  variation  from  day-to-day. 

The  daily  distribution  of  eleven  values  for  normal,  or  abnormal,  hemoitlobin  was 
not  obtained  from  eleven  different  preparations.  The  distributed  values  sliow 
what  happi'iis  when  tlse  saiiit'  cuvette  is  removed  from  the  hemop.lohln  colorimeter 
compartment  of  tlio  counter,  rotated  90  deitrees,  and  replaceil  for  a new  meas;ire- 
ment.  This  process  was  repeated  ten  times  (after  llie  first  determination).  Tlie 
data  sup..^e.st  that  sliglstly  better  liemoglobin  determinations  may  be  oi>Lalned  by 
this  process  of  measuring,  recovering  and  rotating,  and  reme.tsuring  the  Iut.k'- 
globin  cuvette  perliaps  tiiree  times. 

Once  an  accurately  known  hemoglobin  sample  1ms  bet'u  measured,  and  the  instrument 
calibrated  for  this  value,  it  is  convenient  to  measure  an  appropriate  optic.il 
filter  at  that  time  to  serve  as  a calibration  check  thereaftiT.  We  found  that 
an  Eastman  CC50U  (pink)  gelatin  filter  gave,  a reading  of  19.3. 

Although  not  statistically  verified,  it  appears  that  the  first  measureiiu'nt  of  an 
RBC  sample  may  give  a higher  reading  than  subsequent  ones.  It  may  be  well  to 
reject  the  first  measurement. 

We  found  that  if  the  operator's  hand  is  near  the  cuvette  (or  touching  it)  duiiiig 
a measurement,  the  count  rate  will  bo  greatly  accelerated,  causing  a large  eiror 
in  the  final  count. 

The  Dade  dilutee  must  be  cycled  a few  times  before  using  it  to  aspirate  or  dis- 
pense a sample,  and  care  must  be  taken  to  remove  all  air  bubbles  in  the  delivery 
tubing. 

One  cannot  leave  the  Hycel  counter  on  for  any  length  of  time,  or  the  cell  will 
deplete  the  beaker  solution  (even  in  a non-counting  mode)  and  finally  aspirate 
air.  Aspirated  air  is  difficult  to  purge,  requiring  extensive  liquid  flushing 


I 
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to  remove.  When  not  in  continuous  use,  tliis  instrument  should  he  turned  off; 
it  requires  only  15  minutes  to  stabilize  after  turn-on. 

The.  Ilycel  counter  is  simule  and  easy  to  operate  and  maintain.  It  y.avi-  excel- 
lent, trouhle-f ree  performance  tliroughout  the  test  period. 

3.5.3  Sodium/l’otat^ium  Ajia^ljz_e£ 

3.5. 3.1  Dvsscr  i ptlon 

Because,  it  employs  specific  ion  electrodes  to  measure  tlie  electrolytes  sodium 
and  potassium  potentioraetrically , the  Orion  Space-Stat  30  lias  iieen  com. i dered 
for  tlie  MilDUI.AB  system.  This  Instrument  was  a .spin-off  of  a prot('fype  electro- 
lyte analyzer  (called  Space-Stat)  develoiied  for  NASA.  Tlie  Model  SS-31)  is  shown 
in  Flyure  11.  This  Instrument  determines  serum  sodium  (Na  ) and  potassium  (K  ) 
values  of  whole  Mood  (or  serum)  in  A8  seconds.  Less  than  0.5  mi  of  sample  is 
required  (whole  blood,  plasma,  or  serum).  The  measurement  rany.e  extends  from 
20  to  199.9  meq/i  for  Na,  to  0.2-19.9  meq/i  for  K.  The  output  is  dip.ital  and 
terminals  are  provided  on  the  back  of  tlie  instrument  for  a recorder,  if  ilesired. 
Standardization  and  waste  liquids  are  contained  in  a closed  container  with  the 
Instrument.  The  operator  need  only  inject  a sample,  push  a button,  and  read 
the  results.  Movement  of  sample  and  the  necessary  reagents  through  the  instru- 
ment is  accomplished  with  a A-channel  peristaltic  pump.  The  pump  and  air 
valves  operate  in  a timed  cycle  i hlch  moves  the  liquids  and  air  through  a net- 
work of  tubing  and  the  electrode  module.  In  addition  to  the  self-contained 
standardization  solutions,  calibration  stand.irds  are  also  provided. 

3. 5. 3. 2 Test i ng  L2i_e  Sodlum>^otnssium  Analyzer 

The  Orion  Space-Stat  30  Na/K  Analyzer  requires  a specific  checkout  procedure  to 
be  performed  daily.  This  procedure  Incltides  checking  lubricant  distribution 
over  the  tubing  in  the  pump  compartment,  verifying  the  "set  of  standard" 
settings,  and  performing  the  Standardize  and  Calibration  routine.  During  these 
exercises,  the  Set  Slope  procedure  may  also  be  required. 
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Fou  our  proclsion  tests  wo  inado  ten  analyses  at  each  of  two  levels  (normal  and 
abnormal),  using  reconstituted  lyophilized  serum.  These  analyses  were  repeated 
on  five  consecutive  days. 


Radiated  and  line-imposed  electrical  interference  tests  were  madi*  at  tlte  con- 
clusion of  the.  precision  runs. 


The  23-dogree  tilt  te.st  was  also  performed  on  this  instrument. 

3 . .S . 3 . 3 Tes  t Re su  1 t_s 

The  Orion  Space-Stat  30  Na/K  Analyzer  faiU'd  to  meet  its  spec i f i la t i on  for  the 
sodium  response  range.  Tlie  electrode  module  was  replaced  but  tlu'  instrument 
continued  to  sltow  non-linear  and  non- repeatable  results.  The  Set  Slope  mode 
was  very  noisy  and  difficult  to  use.  The  necessary  Reim>ve  Syrlnp.e/Analyze  sig- 
nal failed  so  that  an  over-ride  technique  was  required  in  order  to  obtain  a test 
readout.  It  was  noted,  however,  that  during  tlie  pi-riod-  the  Instiumcnt  was 
operating,  the  precision  was  e.\cellent.  All  efforts  to  bring  about  normal 
operation  failed  and  we  rejected  the  instrument.  Orion  biomedical  replaced 
this  instrument  and  we  again  began  our  tests.  The  second  instrunu'iit  perfornuvl 
faultlessly. 

The  test  results  are  tabulated  in  Table  111  and  the  individual  data  points  are 
displayed  In  Figures  12  through  lA. 

The  electrical  interference  tests,  line-impressed  (to  100  Vac)  and  radiated, 
had  no  effect  on  the  Orion  Space-Stat  30. 

Na/K  measurements  performed  while  the  instrument  was  tilted  about  23  degrees 
from  slde-to-side  yielded  all  normal  results. 

3 . 5 . 3 . A Comments 

Although  tl»e  Orion  Space-Stat  30  was  on  tliroughout  tlie  test  period,  and  was 
always  standardized  daily,  the  first  measurement  of  the  day  was  invariably 
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ORION  SPACE-STAT  30--Na/K  PRECISION  TESTS  (DAILY  AVERAGES:  MEO/l) 


DAY 


1 

2 

3 

4 

5 

Na 

Control -Normal 

X: 

141.0 

140.3 

141.6 

141.9 

140.8 

0 : 

0.69 

0.89 

0.67 

0.58 

0.48 

CV,%: 

0.5 

0.6 

0.5 

0.4 

0.3 

Control- Abnormal 

X: 

127.1 

128.5 

129.8 

125.5 

129.0 

0 : 

0.46 

0.44 

0.41 

0.46 

0.67 

CV,%: 

0.4 

0.3 

0.3 

0.4 

0.5 

K 

Cont rol-Normal 

X: 

4.20 

4.23 

4.25 

4.26 

4.16 

0 : 

0.04 

0.04 

0.03 

0.03 

0.03 

CV,%: 

0.9 

0.9 

0.7 

0.7 

0.6 

Control- Abnormal 

X: 

5.66 

6.20 

6.15 

6.03 

6.15 

o: 

0.11 

0.05 

0.03 

0.04 

0.04 

Cv , X : 

2.0 

0.8 

0.5 

0.7 

0.7 

Test  Material: 

Normal:  Moni-Trol  I Chemistry  Control 

Abnormal:  Moni-Trol  II  Chemistry  Control 

Dade  Division,  American  Hospital  Supply  Corporation 


Dade  Assays  (Flame  Photometer) : 


Normal  Na 

Abnormal  Na 
Normal  K 

Abnormal  K 


139  meq/l,  o 
12A  meq/i,  o 
4.1  racq/i,  a 
5.8  meq/i,  o 


0.7 

1.19 

0.02 

0.03 


MEQ/a  abnormal  K : MEQ/;.  NORMAL 


Na  : MEQ/)l  NORMAL 


lovs’cr  than  any  other  in  the  set.  This  low  value  (perhaps  3 meii/t  lower  than 
average)  of  course  affected  the  statistical  calculations  a little.  As  an 
example,  the  values  for  one  set  of  "normal"  N.i/K  determinations  was,  for  Na : 

X = 140.3  meq/e,  a = 0.89,  CV  = 0.6% 

Omitting  the  lower  value  (137.8)  gave 

X = 140.6  meq/l,  o = 0.37,  CV  = 0.3% 


For  K in  the  same  set  we  obtained 


X = 4.23,  0 = 0.04,  and  CV  = 0.9% 

Omitting  tlie  K's  lowest  value 

X = 4.24,  0 = 0.02,  and  CV  = 0.3% 

The  distinction  is  of  course  academic,  as  the  results  are  excellent  whether  .he 
lowest  value  is  kept  or  omitted.  We  would,  however,  like  to  determine  why  this 
phenomenon  occurs.  (Note  similarity  to  test  result  described  earlier  in  par.i- 
graph  3. 4. 1.4.) 


The  Field  Representative  who  installed  the  Space-Stat  30  Analyzer  found  that 
several  Important  parts  were  missing.  One,  a special  bolt  to  liold  down  tlie 
module,  was  quickly  made  by  our  model  shop  and  the  others  were  supplied  by  the 
service  man. 

One  problem  after  another  beset  this  instrument  during  the  next  few  weeks.  It 
failed  to  consistently  meet  the  span  specifications.  "Set  Standards"  could  not 
bo  correctly  used.  The  signal  to  analyzer  failed,  necessitating  an  over-ride 
mode.  The  counter  for  the  Fluid  Pack  Consumption  miscounted.  A "Test  Mode" 
signal  light  failed.  Our  very  cooperative  Field  Representative  labored  assidi- 
ously  to  remedy  these  defects,  but  the  instrument  failed  to  give  consistently 
normal  performance.  Nevertheless,  when  it  was  working  the  precision  w.as 
excellent — the  coefficient  of  variation  was  generally  only  a fraction  of  one 
percent ! 
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This  instrument,  was,  of  course,  rejected.  A second  unit  was  delivered  and  in- 
stalled; this  one  was  complete,  and  provided  excellent  performance. 

Once  checked  and  calihrated,  this  instrument  is  extremely  simple  to  operate. 
There  are  no  external  reagents  (except  calihr.it  ion  standards)  to  handle.  Kvt'n 
tlie  waste  materials  are  collected  in  the  fluids  pack.  The  daily  checkout  pro- 
cedure is  simple  and  straightforward.  Periodic  (daily,  weekly)  maintenance  is 
uncomplicated.  A troubleshooting  guide  in  the  form  of  flow  charts  is  quite 
helpful . 

The  "Orion  Number  Two"  analyzer,  as  noted,  worked  exceptionally  well  throughout 
the  test  period. 

One.  feature  needs  comment:  the  fluids  pack.  This  pack.ige  containing  the 
standard  and  reference  solution  and  a waste  bag  makes  operation  of  the  analyzer 
neat  and  convenient.  It  also  enables  the  instrument  to  remain  in  the  stat  mode 
by  automatically  drawing  upon  tlie  pack  every  four  hours  to  flusli  the  system. 

Even  if  no  sample  measurements  are  made,  however,  the  pack  will  be  depleted  in 
two  weeks  just  to  maintain  the  stat  mode.  Seven  of  the  available  220  counts 
are  used  when  the  pack  is  first  installed;  every  four  hours  two  counts  are  used 
by  standardization  in  the  stat  mode,  and  each  analytic.al  cycle  uses  one  count. 

If  the  instrument  is  shut  down,  the  fluids  pack  must  be  discarded,  even  if  only 
partially  used.  Considering  the  inexpensive  reagents  and  simple  packaging,  the 
flu.,.ds  pack  appears  expensive  at  $60  each. 

3.5.4  Clinical  Spectrophotometer 
3 . 5 . 4 . 1 Description 

In  the  Interests  of  methodologic  simplification,  the  Clinicard  system — supplied 
by  Instrumentation  Laboratory,  Inc. — was  selected  for  making  colorimetric  chem- 
ical analyses.  This  instrument  is  especially  well  adapted  to  meeting  the  design 
concepts  of  MODULAB. 

Clinicard  Ls  an  integrated  analytical  system  (see  Figure  15)  consisting  of  a 
module  containing  a photometer,  aspirator/dispenser,  incubators,  a punched  card 
reader,  shuttle  mechanism,  and  digital  readout.  A Dead  Light  information 


lR-2702-101 


3-33 


center  provides  critical  test  status  data.  If  a problem  arises  in  the  seijiion- 
tlal  operations,  warning  signs  appear  in  the  readout  area  indicating  the  source 
of  the  problem.  This  feature,  together  with  a Clinicard  Test  Kit,  lielps  tlie 
system  stay  in  a precise  test  condition  at  all  times. 

All  materials  required  to  make  a particul.ir  clinical  measurement  are  individu.ill 
prepackaged.  These  chemistry  kits — manufactured  by  Harleco — contain  the  sample 
cuvettes,  reagents,  and  punched  cards  for  programming  the  Clinicard.  A Pro- 
cedure Organizer  describing  in  detail  each  of  the  available  twenty-three 
chemistries  (more  are  being  developed)  is  included  with  the  Operator  Manual. 

To  accommodate  the  various  chemistries,  three  modes  of  analysis  are  available 
in  the  Clinicard:  standard,  absolute,  and  rate.  The  operator  makes  no  adjust- 
ments to  meet  these  modes — the  applicable  prepunched  Clinicard  automatically 
programs  tlte  instrument  for  reading  the  correct  sections  of  the  three-section 
cuvettes.  A plastic  flag  on  the  cuvette  ensures  that  the  cuvette  will  receive 
the  correct  incubating  temperature  for  tlie  correct  period  of  time. 

An  integral  part  of  the  analyzer  is  an  aspirator/dispenser  which  eliminates  the 
need  for  manual  aspiration  of  samples  or  pipetting  of  reagents.  The  punched 
card  for  each  test  controls  the  action  of  the  dispenser.  Volumes  of  25,  50, 

100,  or  200  pi  are  available. 

3. 5. 4. 2 Testing  the  Clinical  Spectrophotometer 

The  Test  Program  for  the  Clinicard  system  is  quite  simple.  Once  the  Clinicard 
Analyzer  has  been  properly  installed  and  checked  by  a Field  Representative, 
there  are  no  daily  standardization  procedures  to  be  performed.  It  is  assumed, 
of  course,  that  the  instrument  remains  on  continuously.  If  tlie  instrument  has 
been  off,  it  will  require  about  an  hour  to  reach  temperature  equilibrium  and 
maximum  stability. 

Although  there  are  no  standardization  procedures,  as  such,  it  is  advisable  to 
make  a daily  check  of  the  analyzer  by  performing  a series  of  eight  tests  using 
the  Clinicard  Test  Kit;  in  less  than  four  minutes,  the  operator  can  confirm 
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\ nuthcr  llui  tnsLnmicnt  oporatos  correctly.  The  eight  i>imched  test  c.irds  employ 
all  program  bits  in  some  kiinl  oi  combination  and  give  readouts  on  the  state  of 
various  decoding  circuits,  noise  levels,  etc.  If  the  analyzer  f.-iils  to  pass  a 
certain  te.st  , the  test  card  gives  a starting  point  Low.irds  isolating  the  source 
of  the  failure. 

In  addition  to  the  Test  Kit  program,  wo  made  ten  analyses  a day  for  five  consec-  , 

uLive  days  on  two  different  chemistries,  and  at  two  levels  for  e.ich.  Reconst i-  ' 

Luted  serum  was  used  at  the  normal  .md  abnormal  levels.  Blood  Urc.i  Nitrogen 
(BUN)  and  Total  I’rotein  were  the  two  clinical  tests  selected  for  establishing  , 

the  baseline  performance  of  the  Cllnlc.ard  system.  i 

This  instrument  was  also  tested  for  effect  of  electrical  interference.  The  23- 

degree  tilt  test  has  not  yet  been  performed.  i 

3.5,4. 3 Test  Results 

The  Cllnicard  Test  Kit,  consisting  of  a special  cuvette  and  eight  punched  cards, 

was  used  ns  part  of  the  dally  test  program,  Tlie  lest  results  were  so  non-varying 

during  a ten-day  period  that  st.itistical  calculations  stre  virtually  meaningless--  ^ 

the  Coefficient  of  Variation  for  all  tests  was  zero  to  three  decimals.  These  I 

tests  are  valuable,  nonetheless,  as  they  give  the  operator  assurance  that  the 

inst. ament  is  operating  in  a normal  manner.  j 

* 

I 

Test  results  are  tabulated  in  Table  IV.  Individual  measurements  are  charted  in  | 

Figures  lb  and  17.  It  will  be  noted  that  the  Coefficient  of  Variation  is  some- 
what higher  than  is  desirable  or  normally  acceptable.  No  attempt  to  ascribe 
this  to  the  standard,  chemistry  kit,  or  instrument  has  been  made  to  date. 

Klcctrlcal  interference  tests,  both  line-impressed  and  radiated,  had  no  effect  I 

in  ai\y  of  the  eight  Cllnicard  check  tests.  | 

Tlio  23-degree  tilt  test  has  not  yet  been  performed.  | 
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Dade  Assays  (Cllnlcard: 

Nornuil  Bl'N:  139  mn/dl,  o - O.Aj 

Abaormal  BCN:  37. b m>;/dl,  o » 0.58 

Norm.tl  Total  Protein:  7.2  n/dl,  o ■ 0.15 

Abaormal  Total  Protein:  5.8  R/dl,  o " 0.20 
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Figure  17.  Individual  Values,  Clinicard  System,  Total  Protein--yivo-Day  Test 
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3. 5. 4. 4 Comments 


In  our  work  with  the  Clinicard  system,  we  found  that  a timer,  or  stopwatch,  was 
quite,  useful.  Kspecially  when  making  a series  of  ten  determinations  wliere  in- 
cubation is  tiie  first  step,  a timer  can  alert  tlie  operator  wlien  to  stop  preparing 
cuvettes  for  incubation  and  v^lien  to  start  preparing  for  sampling.  A timer  can 
help  one  avoid  being  caught  in  a sampling  procedure  just  wlien  he  is  signaled  to 
make  a measurement. 

We  used  only  two  chemistries:  HUN  and  Total  Protein.  For  BUN,  we  found  it  de- 
sirable to  .allow  at  least  50  seconds  between  cuvette  preparations  going  into  the 
incubators  for  the  first  time.  It  does  not  take  long  to  prepare  the  cuvet; 

(knock  out  stoppers,  drop  in  reagent  pills,  remove  labels),  but  it  requires 
about  50  seconds  to  replace  dispenser  tips,  aspirate  sampler,  dispense  them, 
put  stoppiT  strip  on,  and  insert  into  incubators  for  the  second  time.  It  is 
very  important  to  practice  a simple,  straightforward  procedure,  allowing  no 
variations  in  the  protocol. 

It  was  important  to  be.  on  guard  for  knocked  out  caps  floating  in  the.  cuvette 
light  path.  This  will  cause  an  "error  message"  to  be  displayed.  The  remedy  is 
to  tap  the  cuvette  and  immediately  reinsert.  But,  even  a slight  delay  can  alter 
the  reading. 

Some  cuvettes  are  almost  too  tight  to  go  into  either  the  incubator  or  tlie 
shuttle.  If  they  are  not  inserted  all  the  way  into  the  incubators,  no  timing 
cycle  will  be  initiated.  If  not  all  the  way  in  the  shuttle,  "error"  will  be 
displayed. 

Care  must  be  taken  to  ensure  that  reagent  pills  go  only  into  the  intended  cell. 

It  is  possible  for  a pill  to  bounce  from  the  target  cell  into  one  already  con- 
taining its  pill. 

The  Clinicard  system  required  no  dally  standardization,  no  startup  procedures, 
no  maintenance.  It  was  left  on  and  was  always  ready  to  make  a Clinicard 
measurement . 
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Renuirkably  little  operator  training  is  required,  even  though  some  of  the  chem- 
istries are  quite  involved.  The  operator,  however,  is  not  involved  in  complex 
chemistry.  He  merely  opens  the  desired  kit,  adds  one  or  two  reagents  as  re- 
quired, aspirates  and  dispenses  the  samples,  incubates  the  cuvette  as  directed, 
inserts  the  cuvette,  and  reads  the  result. 

The  Clinicard  system  appears  well  suited  to  the  Navy  MODULAB  program.  Of  all 
the  instruments,  this  one  requires  the  least  attention  and  maintenance.  The 
Test  Kit,  requiring  only  four  minutes  to  use,  gives  assurance  that  all  is  well 
with  the  Instrument.  If,  however,  it  indicates  malfunction,  there  appears  to 
be  nothing  the  operator  can  do  except  contact  a Clinicard  Service  Representative. 

Indeed,  such  complete  automation  of  a rather  complex  system  may  be  something  of 
a drawback.  The  operator  is  so  isolated  from  the  system  that  he  is  not  allowed 
to  over-ride  the  fixed  automation  in  the  event  of  malfunction  and  use  his  own 
capability  and  resources  to  operate  in  a manual  mode. 

3 . 6 Instrument  Modifications 

3.6.1  Design  Philosophy 

The  major  concern  is  to  improve  the  reliability  of  the  instruments  for  ship- 
board use.  Our  approach  was  to  examine  each  instrument  and  determine,  which 
co.-ponents  or  structural  features  would  be  susceptible  to  failure  in  the  ship- 
board environment.  Each  case  was  then  evaluated  in  terms  of  what  mxght  be  done 
to  improve  the  resistance  to  failure. 

A list  of  recommended  changes  was  then  compiled.  In  some  cases,  recommended 
changes  could  not  be  carried  out  in  this  program.  For  example,  some  parts  are 
proprietary  and  no  substitute  is  available.  The  structural  arrangement  limited 
access  to  other  parts. 

It  was  not  considered  practical  to  attempt  revisions  to  the  basic  instrument 
design.  Therefore,  nothing  was  done  to  intentionally  change  instrument  per- 
formance. Verification  tests  will  reveal  any  failure  points — which  may  be  on 
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the  reconuiionded  chanRe  list — even  thouRh  it  may  not  be  possible  to  make  modifi- 
cations at  this  time. 

3.6.2  Modification  Limitations 

The  difference  between  desirable  modifications  to  the  instruments  and  ;x5ssibic 
modifications  is  established  by: 

• Cost — many  desirable  modifications  are  too  costly  to  consider; 

• Practicality — in  some  areas,  modifications  to  improve  reliability  may 
be  desirable,  but  substitute  components  with  acceptable  performance 
specifications  may  not  be  available. 

The  imposition  of  cost  restraints  leads  to  a number  of  design  guidelines.  For 
example,  repackaging  to  alter  the  size  or  shape  of  any  of  the  instrument*  is 
not  within  the  scope  of  this  program.  Protection  against  the  full  levels  of 
high  impact  shock,  per  MIL-S-901,  was  likewise  deemed  impractical,  although  a 
measure  of  shock  protection  can  bo  achieved.  Implementation  of  full-level  shock 
protection  would  have  to  start  with  the  instrument  design.  This  would  also  bo 
the  avenue  of  approach  for  eliminating  some  of  the  proprietary  or  non-approved 
components;  it  would  also  be  a viable  approach  for  an  eventual  procurement  pro- 
gram. Within  the  scope  of  the  present  program,  however,  many  of  these  desirable 
modifications  are  not  practical. 

3.6.3  Electronic  Analysis 

The  instruments  will  be  modified  based  on  a visual  inspection  of  the  electronic 
assemblies.  Commercial  grade  components  will  be  replaced  with  components  de- 
signed to  withstand  the  more  severe  environment  of  a shipboard  installation. 

For  example,  commercial  capacitors  will  be  replaced  with  hermetically  sealed, 
military-quality  units  when  packaging  limitations  are  not  a problem.  All 
plastic  low-power  signal  transistors  are  to  be  replaced  with  hermetically  sealed, 
military-qualified  JAN  components  where  possible.  In  some  instances,  however, 
special  components — such  as  semiconductors  which  are  designed  to  a manufacturer's 
source  control  drawing — cannot  be  replaced  without  affecting  the  basic  circuit 
design  and  instrument  performance. 
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Cabling  and  harnesses  will  be  rerouted  to  clear  any  sharp-edged  metallic  hard- 
ware to  prevent  chaffing  of  the  insulation  due  to  the  continuous  vibration  of 
shipboard  equipment.  Cable  clamps  will  be  added  as  required  to  support 
harness  wiring. 


After  functional  c.heckout  of  each  piece  of  equipment,  all  circuit  boards  will 
be  removed  and  conformal  coated  to  reduce  moisture  absorption. 

3. 6. A Mechanical  Analysis 

Mechanical  analysis  has  been  completed  on  the  Hycel  Blood  Cell  Counter  and  the 
Clinicard  Blood  Chemistry  Analyzer,  and  preliminary  work  done  on  the  Orion 
Spacc-Stat  30  and  the  Corning  Blood  Ga«  Analyzer.  The  work  was  done  by  analy- 
ses and  visual  inspection  of  the  instrument  subassemblies  and  parts. 

The  Hycel  counter  was  found  to  have  inadequate  retention  of  the  rear  corner  of 
the  largo  vertical  board,  and  several  poorly  supported  components.  Also,  the 
lower  end  of  the  liquid  probe  is  retained  in  the  cell  body  only  by  the  friction 
of  its  0-ring  seal,  which  is  not  adequate. 


The  Clinical  Chemistry  Analyzer  was  found  to  be  basically  sound  in  regard  to 
case  design,  adequacy  of  subassembly  mountings,  etc.  Areas  requiring  modifi- 
cation were  pinpointed  on  some  of  the  circuit  boards,  and  in  detail  component 
areas.  Several  large  capacitors  needed  extra  support,  as  well  as  a few  indi- 
vidual transistor  heat  sinks.  The  indicator  lamps  near  the  front  of  the  instru- 
ment, over  the  ovens,  were  found  to  be  inadequately  supported.  Finally,  the 
small  linear  optical  encoders  in  the  diluter-dispenser  portion  of  the  instrument 
are  not  rugged  enough.  The  mounting  of  the  encoded  glass  strips  is  with  ad- 
hesive, In  such  a manner  that  the  adhesive  can  be  stressed  in  peel.  Breakage 
of  the  glass  strips  or  failure  of  the  adhesive  are  possibilities,  and  design 
features  to  relieve  the  bending  stress  on  the  encoder  are  needed. 

A preliminary  examination  of  the  other  two  instruments  has  been  completed;  how- 
ever, no  documented  inspection  has  yet  been  done,  and  modification  parts  have 
not  been  detailed. 
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3 • 7 Implement at  ion  of  Modifications 

3.7.1  Methods 

In  order  to  remedy  the  design  and  construction  deficiencies  noted  above,  modifi- 
cation parts  will  be  designed  and  fabricated  ns  necessary.  The  simplest  effec- 
tive design  approach  to  these  modification  parts  will  be  taken.  In  many  cases, 
brackets,  stiffeners,  etc.,  are  needed  for  tlie  required  reinforcement. 

Observations,  recommendations,  measurements,  and  sketches  are  kept  in  laboratory 
notebooks.  A book  is  maintained  for  each  instrument.  Many  of  the  necessary 
parts  to  Implement  tlie  required  modifications  are  presently  in  fabrication  (some 
are  completed),  and  assembly  of  the  modification  parts  to  the  instruments  will 
be  documented  in  the  instrument  log  books. 

3.7.2  Electronic  Modification s 

Currently,  all  instruments  have  been  disassembled  and  i-xamincd  for  part  replace- 
ment. All  replacement  components  have  been  ordered.  Co.iiponents  are  expected  to 
be  complete  by  late  October, 

The  Hycel  Blood  Cell  Counter  circuit  board  rework  is  complete,  with  the  exception 
of  replacing  one  capacitor  and  conformal  coating. 

Rework  of  three  circuit  boards  in  the  Clinicard  instrument  is  complete  except 
for  conformal  coating  each  board. 

Rework  will  continue  as  components  are  received. 
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4 . 0 WOKK  PLAXNK.D  FOR  THK  NKXT  SIX _MO_NTllS 

The  r.Mior  tasks  planned  for  the  next  six  months  are: 

1.  Complete  instrument  modifications 

2.  Complete  retesting  against  baseline 

3.  Prepare  system  for  shipment 

A.  Support  Navy  clinical  laboratory  tests 

5.  Support  shipboard  installation 

6.  Support  verification  tests 

7.  Prepare  and  submit  final  report 


This  activity  will  complete  the  program.  At  this  time,  we  are  working  to  im- 
prove delivery  of  components  needed  to  complete  modifications.  (Ke  have  been 
quoted  tlirec  months  delivery  on  some  capacitors.)  If  alternate  components  or 
improved  deliveries  cannot  be  obtained,  there  will  be  some  impact  on  the  pro- 
gram schedule. 
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